Hydrolysis of sugar phosphates by crude and purified preparations of periplasmic hexose phosphatase from Salmonella typhimurium followed MichaelisMenten kinetics. The enzyme bound glucose 1-phosphate with high affinity (Km = 10 !LM) but bound glucose 6-phosphate with low affinity (Km = 2,000 MM). The order of substrate affinities was glucose 1-phosphate > mannose 1-phosphate = galactose 1-phosphate > fructose 1-phosphate > glucose 6-phosphate. These results and others suggest that the physiological function of the enzyme is the periplasmic hydrolysis of hexose 1-phosphates.
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Periplasmic hexose phosphatase (EC 3.1.3.2) is a dimeric enzyme with a subunit molecular weight of 37,000 (1, 4, 5, 13) . The enzyme appears to allow bacteria that lack the hexose phosphate permease to utilize sugar phosphates by a pathway which involves the hydrolysis of the esters in the periplasmic space, followed by transport of the free hexoses across the cytoplasmic membrane. The substrate specificity of the enzyme has not been studied in detail. In this communication we show that the enzyme exhibits high affinity for hexose 1-phosphates (hexose 1-Ps) but low affinity for hexose 6-Ps. Evidence is presented which suggests that a single gene product is responsible for the periplaamic hydrolysis of sugar 1-Ps when these substrates are utilized as a source of carbon for growth.
14C-labeled sugar phosphates were purchased from New England Nuclear Corp., and the nonradioactive compounds were from Sigma Chemical Co. Hexose resin columns as described (6) . "C-Sugar phosphate hydrolysis was linear with enzyme concentration and time.
The in vivo activity of the hexose phosphatase was studied with strain LJ219, which lacks the enzyme IIGIc and the enzyme IIMa of the phosphotransferase system (10) . When 25 ,uM hexose phosphates were employed, more than 90% of the "C-sugar released remained in the extracellular fluid, suggesting that the enzyme acts upon extracellular sugar phosphates (Fig. 1) . The initial rate of glucose 1-P hydrolysis was 20-fold higher than that of glucose 6-P, suggesting that at low substrate concentrations the enzyme functions primarily in the utilization of sugar 1- These results suggest that (i) a single enzyme is largely responsible for extracellular sugar phosphate hydrolysis, (ii) its synthesis is subject to cyclic AMP control, and (iii) its primary physiological function is concerned with carbon acquisition.
The specificity of the enzyme for its substrates was examined in vitro by determining the Km and Ki values for sugar phosphates, employing the membrane-associated enzyme, the crude soluble enzyme, and the highly purified enzyme. Kinetic analyses (as depicted, for example, in Fig. 2 ) revealed that the enzyme binds its substrates in a noncooperative fashion and that one substrate inhibits hydrolysis of another by a strictly competitive mechanism. Apparent affinity constants are summarized in Table 1 . The order of substrate affinity was the same for all of the enzyme preparations as follows: glucose 1-P > galactose 1-P = mannose 1-P > fructose 1-P > glucose 6-P. The membrane-associated enzyme exhibited lower affinities for its substrates than did the soluble enzyme. Mannitol 1-P and sorbitol 6-P were not substrates. Free glucose was not inhibitory, but inorganic phosphate inhibited glucose 1-P hydrolysis with a Ki value of 5 mM (data not shown). The results are consistent with the conclusion that the activities of all three enzyme preparations are due to a single gene product. Inhibition by inorganic phosphate explains the fact that high concentrations of phosphate in the growth medium inhibited sugar phosphate utilization in a strain that lacked the hexose phosphate permease (unpublished data). Fig. 2 . K, values were estimated as described previously (12) . Mannitol 1-P and sorbitol 6-P were not substrates of the enzyme. These esters, as well as ribose 1-P and xylose 1-P, were not appreciably inhibitory when included in the assay mixture at fivefold higher concentrations than glucose 1-P.
The results summarized above provide information concerning the mechanisms by which wild-type S. typhimurium cells utilize sugar phosphates. Hexose 6-Ps are utilized primarily by a mechanism which depends on the activity of the hexose phosphate permease. Only when the concentration of hexose 6-P exceeds 1 mM is the rate of extracellular hydrolysis appreciable. Although the hexose phosphate transport system exhibits broad substrate specificity, it exhibits strict inducer specificity. Only glucose 6-P and 2-deoxyglucose 6-P serve as inducers (8, 14) . Exogenous mannose 6-P and fructose 6-P also induce the system, but induction results from the conversion of the periplasmic substrates to glucose 6-P. Hexose 1-Ps do not induce the system.
The utilization of hexose 1-Ps by wild-type Salmonella cells apparently involves extracellular hydrolysis of the phosphate esters by the periplasnic hexose phosphatase, followed by transport of the sugar moiety across the cytoplasmic membrane via the phosphotransferase system (6, 7). This conclusion is supported by the kinetic analyses reported here, which show that the enzyme binds glucose 1-P with more than 100-fold higher affinity than it binds glucose 6-P. Additionally, we have shown that a mutant lacking the nonspecific acid phosphatase (strain TA2361) utilized and hydrolyzed glucose 1-P at the same rates as did the parental strain and a hexose phosphate permease-negative strain (unpublished data). The nonspecific phosphatase appears to function as a phosphate scavenger (4, 5, 13) . Finally, we found that uptake of radioactivity from ['4C]glucose 1-P was largely J. BACTERIOL. prevented b.ygenetic loss of the enzyme 11"lc and enzyme II , both of which function in the transport of glucose across the cytoplasmic membrane (9) , whereas in wild-type bacteria, uptake of the radioactive substrate was strongly inhibited by an excess of extracellular nonradioactive glucose (unpublished data).
These results, taken together, lead to the conclusion that the primary physiological function of the periplasmic hexose phosphatase is the hydrolysis of extracellular hexose 1-Ps as a source of carbon and energy for growth.
